Experimental Details

Materials and Methods.
All manipulations were performed under an inert atmosphere using an Innovative Atmospheres N2-filled glove box unless otherwise noted. All reagents were purchased from commercial sources and used as received, unless otherwise noted. Solvents were degassed by sparging with Ar followed by passage through a Pure Process Technologies solvent purification system to remove water and stored over 4Å molecular sieves in an inert atmosphere glove box. CD3CN and DMSOd6 were distilled from calcium hydride then deoxygenated by three freeze-pump-thaw cycles and stored in an inert atmosphere glove box. Tetrabutylammonium hydrosulfide (NBu4(SH)) 1 and host 1 tBu were all synthesized according to previous reports. 1,2 Note: Hydrogen sulfide, hydrogen selenide, and related salts are highly toxic and should be handled carefully to avoid exposure. MS was collected on a Xevo Waters ESI LC/MS instrument. The following naming conventions were used to describe NMR couplings: (s) singlet, (d) doublet, (t) triplet, (q) quartet, (dd) doublet of doublets, (m) multiplet, (b) broad.
Guest and Receptor Synthesis.
Tetrabutylammonium hydroselenide (NBu4SeH). This preparation was adapted from previous reports.
3 NBu4BH4 (0.743 g, 2.90 mmol) was dissolved in dry CH3CN (10 mL) and treated with Se 0 (0.242 g, 3.10 mmol) in a dry box. After stirring for 7 d, the solvent was removed in vacuo and the resulting yellow oil was washed with THF. The resulting white powder was filtered using a fine porosity glass-fritted funnel and redissolved in CH3CN and layered under Et2O to afford colorless crystals (0.152 g, 0.500 mmol, 16% yield). 1 (3,5-bis(trifluoromethyl) benzamide) (2 CF3 ). This preparation was adapted from previous reports. 4, 5 Tris(2-aminoethyl)amine (0.0770 g, 0.530 mmol) and NaOH (0.230 g, 5.75 mmol) were dissolved in H2O (20 mL), and a solution of 3,5-bis(trifluoromethyl)benzoyl chloride (0.437 g, 1.58 mmol) in ethyl acetate (EtOAc, 20 mL) was added dropwise and the reaction mixture was stirred overnight under N2 at room temperature. The organic layer was washed three times with H2O (30 mL) then dried with Na2SO4. After filtration, the solvent was removed under vacuum to afford a white powder (0.246 g, 54% yield). 1 A solution of host in 10% DMSOd6/CD3CN or CD3CN (1.8-2.2 mM, 3 mL) was prepared and 500 μL was added to a septum-sealed NMR tube. The remaining host solution (2.5 mL) was used to prepare a host/guest (10-25 mM) stock solution. Aliquots of the host/guest solution were added to the NMR tube using Hamilton gas-tight syringes, and 1 H NMR spectra were recorded at 25 °C after each addition of guest. The Δδ of the various NH and aromatic CH protons were used to follow the progress of the titration, and association constants were determined using the Thordarson method. 6, 7 Method B. A solution of receptor 1 tBu in 10% DMSO-d6/CD3CN (0.8-1.2 mM) was prepared and 500 μL was added to a septum-sealed NMR tube. A stock solution of guest (NBu4SeH) was prepared in 10% DMSO-d6/CD3CN (18.6-27.0 mM). Aliquots of the guest solution were added to the NMR tube using Hamilton gas-tight syringes, and 1 H NMR spectra were recorded at 25 °C after each addition of guest. The Δδ of the NH and the central aromatic CH proton was used to follow the progress of the titration, and association constants were determined using the Thordarson method. 6, 7 Decomposition Studies with 1 tBu and HSe -.
Stock solutions in 10% DMSO-d6/CD3CN of 1 tBu (2 mM,) and NBu4(SeH) (25 mM) were prepared. A septum sealed NMR tube was charged with 500 μL of the 1 tBu solution. 20 equiv. NBu4SeH was added to the receptor solution using a Hamilton gas-tight syringe, and the δ of the NH and various aromatic CH protons were monitored by 1 H NMR at 25 °C to determine the effect of HSe -binding on 1 tBu ( Figure S3 ). These samples were then collected and the solvent removed under vacuum for MS analysis.
HSe -Binding Reversibility Studies with 1 tBu and Zn(OAc)2.
Stock solutions in 10% DMSO-d6/CD3CN of receptor 1 tBu (2 mM,) and NBu4SeH (11 mM) were prepared, as was a stock solution of Zn(OAc)2 (78 mM) in DMSO-d6. A septum sealed NMR tube was charged with 500 μL of 1 tBu . After 6 equiv. NBu4SeH was added using a Hamilton gastight syringe, the δ of the NH and various aromatic CH protons were monitored by 1 H NMR at 25 °C over the course of 3 h. (Figure S5 ) 20 equiv. Zn(OAc)2 was added using a Hamilton gas-tight syringe to determine the effect of Zn(OAc)2 on HSe -binding.
HSe -Binding Reversibility Studies with 2 CF3 and Zn(OAc)2. Stock solutions in 10% DMSO-d6/CD3CN of 2 CF3 (2 mM,), NBu4SeH (20 mM), and Zn(OAc)2 (40 mM) were prepared. A septum sealed NMR tube was charged with 350 μL of the 2 CF3 solution, then 2 equiv. NBu4SeH and 12 equiv. Zn(OAc)2 were sequentially added using Hamilton gas-tight syringes. The δ of the NH and various aromatic CH protons were monitored by 1 H NMR at 25 °C to determine the effect of Zn(OAc)2 on HSe -binding.
X-ray Crystallography
General Methods. Diffraction intensities for NBu4SeH, 2 CF 3 , and NBu4[1 tBu (SeH)] were collected at 173 K on a Bruker Apex2 CCD diffractometer using CuK radiation, = 1.54178 Å. Space groups were determined based on systematic absences (NBu4SeH, NBu4[1 tBu (SeH)]) and intensity statistics (2 CF ). Absorption corrections were applied by SADABS. 8 Structures were solved by direct methods and Fourier techniques and refined on F 2 using full matrix least-squares procedures. All non-H atoms were refined with anisotropic thermal parameters. H atoms in all structures were refined in calculated positions in a rigid group model, except the H atom bonded to the Se atom in NBu4SeH. Position of this H atom was found on the residual density map and refined with isotropic thermal parameters. Solvent molecules (hexane in 2 CF 3 and diethyl ether in NBu4[1 tBu (SeH)]) fill out a large empty space between the main molecules in the packing. They are highly disordered and were treated by SQUEEZE. 9 The corrections of the X-ray data by SQUEEZE are 132 and 212 S4 electron/cell; the expected values are 100 and 168 electron/cell, respectively, for 2 CF 3 and NBu4[1 tBu (SeH)]. Due to a lot of disordered -CF3 groups in the structure of 2 CF 3 , diffraction at high angles from crystals of this compound is very weak and reflection statistics at high angles are poor. Even using a strong Incoatec IµS Cu source it was possible to collected data only up to 2θmax = 99.98°. However, diffraction data collected for 2 CF 3 provide appropriate numbers of measured reflections per refined parameters: 8261 per 1118. Thermal parameters for the F atoms in the disordered -CF3 groups are significantly elongated displaying their significant disorder. Diffraction data for NBu4[1 tBu (SeH)] has been collected up to 2θmax = 133.46° but reflection at high angles are also very weak due to disordered terminal groups in a counter-ion NBu4 and solvent Et2O molecule. The disordered fragments have been refined with restrictions on its geometry and using RIGU option in SHELXL. All calculations were performed by the Bruker SHELXL-2014 package. 10 In contrast to the structure of NBu4SH, 1 determined in high symmetry R-3c with the H atom at the S atom disordered over several positions, the structure of NBu4SeH was determined in monoclinic system with one position for the H atom on the Se atom. The difference in size of the S and Se atoms appear to provide the difference in crystal packing and as a result crystal symmetry in case of the Se atom is reduced from hexagonal to monoclinic. 
NMR Studies
Decomposition Studies with 1 tBu and HSe -. Stock solutions in 10% DMSO-d6/CD3CN of 1 tBu (2 mM,) and NBu4(SeH) (25 mM) were prepared. A septum sealed NMR tube was charged with 500 μL of the 1 tBu solution. 20 equiv. NBu4SeH was added to the receptor solution using a Hamilton gas-tight syringe, and the δ of the NH and various aromatic CH protons were monitored by 1 H NMR at 25 °C to determine the effect of HSe -binding on 1 tBu (Figure S3 ). (2 mM,) and NBu4SeH (11 mM) were prepared, as was a stock solution of Zn(OAc)2 (78 mM) in DMSO-d6. A septum sealed NMR tube was charged with 500 μL of 1 tBu . After 6 equiv. NBu4SeH was added using a Hamilton gas-tight syringe, the δ of the NH and various aromatic CH protons were monitored by 1 H NMR at 25 °C over the course of 3 h. (Figure S5 ) 20 equiv. Zn(OAc)2 was added using a Hamilton gas-tight syringe to determine the effect of Zn(OAc)2 on HSe -binding. 
